BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a caster for use in a wheelchair, furniture, 

vehicle, and the like which is almost jam-proof and capable of easily climbing over a 
gap or obstacle. 

2. Description of the Prior Art 

A caster for a wheelchair etc. comprising a pair of front and rear wheels and 
10 an endless belt wrapped around the wheels and designed to be capable of easily 
passing over a gap is known (for example, refer to Patent Document 1). A caster 
designed to climb stairs by tracked wheels is also known (for example, refer to 
Patent Document 2). 

Patent Document 1: Japanese Unexamined Patent Publication No. Hei 8- 

15 225001 

Patent Document 2: Japanese Unexamined Patent Publication No. 2002- 
3747 (see Fig. 8) 

When a caster with an endless belt climbs over a gap, the endless belt is 
pushed against the gap and depressed inward (i.e., toward the center of a space 

20 surrounded by the endless belt or a wrap-around member in the surface of rotation 
of the endless belt or the wrap-around member; hereinafter referred to as "inward"). 
The more the endless belt is depressed, the greater the power needed to pass the 
gap. Accordingly, in the Patent Document 1, many presser rollers are arranged 
inside the endless belt to prevent the belt from being depressed. However, 

25 arrangements of many rollers make a structure for holding these rollers 
complicated and the entire device large, increasing the weight, and thereby driving 
up costs. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to solve these problems. 
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Tb solve these problems, a caster according to claim 1 is provided with first 
and second wheels disposed forward and back and a wrap-around member wrapped 
around the first and second wheels, and is characterized in that the wrap-around 
member consists of a plurality of pieces continuous in the circumferential direction. 
5 Each piece is provided with an outer peripheral section and an inner peripheral 
section which are moveable independent of the adjacent pieces, permit the wrap- 
around member to bend (hereinafter referred to as "inner bending" or "outer 
bending") along the first and second wheels, and the outer peripheral section is 
adapted to contact outer peripheral sections of the adjacent pieces when the wrap- 
10 around member is pushed inside the surface of rotation by an external force, 
thereby preventing the wrap-around member from being depressed inside the 
surface of rotation. 

In claim 2, the caster according to claim 1 is provided, in which the outer 
peripheral section is provided in such a manner that the outer peripheral sections of 
15 the adjacent pieces contact each other when they are close on a common tangent of 
the first and second wheels. 

In claim 3, the caster according to claim 1 is provided, in which each piece 
is independently formed and connected to the others by a connecting member in a 
circular form. 

20 In claim 4, the caster according to claim 1 is provided, in which the piece is 

provided with a tire section on the outer peripheral side and a wheel guide section 
into which the outer peripheral sections of the first and second wheels are fitted. 

In claim 5, the caster according to claim 4 is provided, in which the tire 
section and the wheel guide section are respectively formed as separate bodies. 
25 In claim 6, the caster according to claim 1 is provided, in which the first and 

second wheels overlap each other when viewed from the direction perpendicular to 
the surface of rotation. 

In claim 7, the caster according to claim 1 is provided, in which the first and 

0 

second wheels have different diameters and a plurality of wheels with a larger 
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diameter is provided in the direction of the axis of rotation. 

In claim 8, the caster according to claim 1 is provided, in which the wrap- 
around member is provided with a tire section on the outer peripheral side and a 
wheel guide section on the inner peripheral side, the tire section is formed of a 
5 continuous endless belt, and the wheel guide section is provided to engage each 
outer peripheral section of the first and second wheels and is combined with the tire 
section to form the piece. 

In claim 9, the caster according to claim 1 is provided, in which the wrap- 
around member is provided with a tire section on the outer peripheral side and a 
10 wheel guide section on the inner peripheral side, the wheel guide section being 
provided to engage each outer peripheral section of the first and second wheel 
sections and formed of a continuous endless belt, and the piece is formed by the tire 
section and the wheel guide section. 

In claim 10, the caster according to claim 1 is provided, in which the wrap- 
15 around member is formed of a single endless belt in its entirety and slits cut in from 
the outer peripheral side at the same interval in the longitudinal direction and 
grooves, wider than each slit, formed from the inner peripheral side at the same 
interval in the longitudinal direction form the piece. 

In claim 11, the caster according to claim 1 is provided, in which the first 
20 wheel is provided in such a manner that the diameter is 1/5 or less of that of the 
second wheel and its thickness is substantially the same as that of the second wheel, 
wherein the first wheel is disposed close to the outer periphery of the second wheel 
so that the first and second wheels are disposed on the same straight line when 
viewed from the direction of each thickness. 
25 In claim 12, the caster according to claim 11 is provided, in which a 

plurality of first wheels is provided along the outer periphery of the second wheel. 

In claim 13, the caster according to claim 1 is provided, in which each piece 
is provided with a protrusion on one side of the piece in the front and rear direction 
and a depression on the other side thereof, wherein the protrusion of one piece is 
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inserted into the depression of the other piece which is adjacent forward and back, 
thereby connecting a wall section surrounding the depression to the protrusion by a 
single shaft. 

In claim 14, the caster according to claim 1 is provided, in which a joint 
5 piece provided with pipe sections on either end of each piece in the front and rear 
direction is provided and each pipe section is fitted into each depression formed on 
the pieces which are adjacent forward and back, thereby connecting each piece to 
the pipe sections by a single connecting shaft. 

In claim 15, the caster according to claim 1 is provided, in which a 

10 connecting plate having a pair of connecting holes is provided, each connecting hole 
being caused to correspond to a through-hole formed on the central section of the 
adjacent piece in the front and rear direction, and a connecting shaft is inserted into 
these connecting holes and through-hole, whereby each piece can be connected by 
such a single connecting shaft. 

15 According to claim 1, a wrap-around member is formed by a plurality of 

pieces that are connected to each other and continue in the circumferential direction. 
Each piece is provided with an outer peripheral section and an inner peripheral 
section that are moveable independent of the adjacent pieces to permit the wrap- 
around member to bend inward. When the wrap-around member runs over a gap, 

20 the wrap-around member is pushed against the gap from outside, depressed inward 
and the front and rear sections are bent outward. However, the adjacent outer 
peripheral sections mutually contact each other in the circumferential direction to 
prevent the depression from being generated. In this manner, the wrap-around 
member is not depressed, but is substantially straight while running over the gap. 

25 Thus, this straight section functions as an anti-sticking plate to permit the wrap- 
around member to climb over the gap, thereby improving the gap climbing 
performance. 

This depression preventing function can be realized by the structure of the 
wrap-around member itself and no separate presser rollers and plates are needed 
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inside the wrap-around member. In this manner, these presser members can be 
made useless and there is no necessity to support these members. As a result, it is 
possible to provide a simple structure, make the entire device compact and 
lightweight, and reduce costs. 
5 According to claim 2, in a section of the wrap-around member close on a 

common tangent of the first and second wheels, the outer peripheral sections of the 
adjacent pieces mutually contact to exhibit a depression preventing function. In this 
manner, it is possible to maintain a straight condition, as-is, in the section of the 
wrap-around member close on the common tangent which is normally straight. 

10 According to claim 3, since each piece is formed independently, it is possible 

to easily form the wrap-around member by coupling these independent pieces 
together by a suitable connecting member in a ring shape. It is also possible to 
exchange part of the wrap-around member or adjust the length thereof. 

According to claim 4, since the piece is provided with a tire section and a 

15 wheel guide section, the tire section can provide satisfactory ground contact 
performance, while the wheel guide section can prevent disengagement of a large 
diameter wheel from a small diameter wheel to provide good transmission of 
rotation. 

According to claim 5, since the tire section and the wheel guide section are 
20 respectively formed as separate bodies, combination of the tire section with the 
wheel guide section can be selected such as exchange of the tire section in 
accordance with the intended use and as a result, it is possible to freely change the 
performance. 

According to claim 6, since the first and second wheels are provided to 
25 overlap each other in a side view, it is possible to make the entire device compact. 

According to claim 7, since the first and second wheels are provided to have 
different diameters and a plurality of wheels with a larger diameter is provided in 
the direction of the axis of rotation, it is possible to consolidate the wheel on the 
larger diameter side that is a load-carrying main body. 
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According to claim 8, the wrap-around member is provided with a tire 
section on the outer peripheral side and a wheel guide section on the inner 
peripheral side, the tire section being formed of a continuous endless belt, and the 
wheel guide section being connected to the tire section to form the piece. In this 
5 manner, it is possible to assemble the wrap-around member only by mounting each 
wheel guide section on the common tire section formed in the endless belt shape and 
thus make the production easy. 

According to claim 9, the wrap-around member is provided with a tire 
section on the outer peripheral side and a wheel guide section on the inner 

10 peripheral side, the wheel guide section is formed of a continuous endless belt, and 
the piece is formed by the tire section and the wheel guide section. In this manner, it 
is possible to assemble the wrap-around member only by mounting each tire section 
on the common wheel guide section formed of the continuous endless belt and thus 
make the production easy. 

15 According to claim 10, the wrap-around member is formed by a single 

member in its entirety, the peripheral section being formed by a slit cut in from the 
outer peripheral side, and the inner peripheral section being formed by a groove, 
wider than the slit on the outer peripheral side, formed from the inner peripheral 
side. In this manner, it is possible to reduce the number of parts, realize the 

20 simplest structure, and thus make the production easy. 

According to claim 11, a first wheel of a minimum size is provided. Even 
though the first wheel is provided on the same line on the outer peripheral section 
of a second wheel, it is possible to arrange the first and second wheels without 
increasing the center distance. In this manner, the first wheel can be provided in 

25 the same width as the second wheel even in the axial direction. It is therefore 
possible not only to make the caster compact in its entirety, but also to increase an 
approach angle and improve the gap climbing performance. 

According to claim 12, the first wheel of the minimum size is provided. A 
plurality of first wheels can be disposed along the outer periphery of the second 
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wheel. In this manner, it is possible to make the caster compact and reduce each 
allotted load. 

According to claim 13, since the piece is provided with a protrusion and a 
depression, it is possible to couple the adjacent pieces together by a single 
connecting shaft. 

According to claim 14, since a joint piece provided with pipes is provided, it 
is possible to couple the adjacent pieces and joint piece together by a single 
connecting shaft. It is also possible make the structure of the piece simple. 

According to claim 15, since connecting holes of the adjacent connecting 
plates and a through-hole of the piece can be overlapped to be connected by a 
connecting shaft, it is possible to unite the connecting shafts into one and simplify 
the structure of the piece. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of a caster according to a first embodiment of the 
present invention; 

Fig. 2 is a view showing the situation when the caster according to the first 
embodiment climbs over a gap; 

Fig. 3 is a cross-sectional view taken along line 3-3 of Fig.2; 

Fig. 4 is a schematic view showing a wrap-around member according to the 
first embodiment; 

Fig. 5 is an enlarged view of part of the wrap-around member; 

Fig. 6 is a cross-sectional view taken along line 6-6 of Fig. 5; 

Fig. 7 is a view showing the assembly of the wrap-around member; 

Fig. 8 is a view showing part of the wrap-around member in the inward 
bent condition; 

Fig. 9 is a view showing a line of the wrap-around member in a common 
tangent section; 

Fig. 10 is a view similar to Fig. 1 according to a second embodiment; 

Fig. 11 is a view showing a variation according to the second embodiment; 



Fig. 12 is a cross-sectional view of one piece in the circumferential direction 
according to a third embodiment; 

Fig. 13 is a view showing the assembly of a wrap-around member according 
to the third embodiment; 

Fig. 14 is a cross-sectional view of part of an outward inflexible area in the 
circumferential direction according to a fourth embodiment; 

Fig. 15 is a cross-sectional view taken along line 15-15 of Fig. 14; 

Fig. 16 is a view corresponding to Fig. 14 according to a fifth embodiment; 

Fig. 17 is a view similar to Fig. 12 according to the fifth embodiment; 

Fig. 18 is a cross-sectional view taken along line 18-18 of Fig. 17; 

Fig. 19 is a view similar to Fig. 9 according to a sixth embodiment; 

Fig. 20 is a cross -sectional view taken along line 20-20 of Fig. 19; 

Fig. 21 is a cross-sectional view taken along line 21-21 of Fig. 19; 

Fig. 22 is a view similar to Fig. 19 according to a seventh embodiment; 

Fig. 23 is a view similar to Fig. 21 according to the seventh embodiment; 

Fig. 24 is a view similar to Fig. 4 according to an eighth embodiment; 

Fig. 25 is a view similar to Fig. 9 according to the eighth embodiment; 

Fig. 26 is a view similar to Fig. 7 according to the eighth embodiment; 

Fig. 27 is a view similar to Fig. 26 showing another example according to 
the eighth embodiment; 

Fig. 28 is a view showing a bottom surface side of a tire section of said 
another example according to the eighth embodiment; 

Fig. 29 is a view similar to Fig. 26 showing still another example according 
to the eighth embodiment; 

Fig. 30 is a cross-sectional view showing an engaging section of the example 
of Fig. 29; 

Fig. 31 is a view similar to Fig. 29 showing still further example according 
to the eighth embodiment; 

Fig. 32 is a cross-sectional view showing an engaging section of said 
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example of Fig. 31; 

Fig. 33 is a perspective view showing part of a wraparound member 
according to a ninth embodiment; 

Fig. 34 is a cross-sectional view taken along line 34-34 of Fig. 33; 

Fig. 35 is a view showing an inward bending condition according to the 
ninth embodiment; 

Fig. 36 is a view similar to Fig. 34 according to a tenth embodiment; 

Fig. 37 is a cross-sectional view taken along line 37-37 of Fig. 36; 

Fig. 38 is a view showing the assembly according to the tenth embodiment; 

Fig. 39 is a plan view of a fixed section according to an eleventh 
embodiment; 

Fig. 40 is a front view of the fixed section according to the eleventh 
embodiment; 

Fig. 41 is a left side view of the fixed section according to the eleventh 
embodiment; 

Fig. 42 is a right side view of the fixed section according to the eleventh 
embodiment; 

Fig. 43 is a side view of a caster according to a twelfth embodiment; 

Fig. 44 is a side view showing a substantial part of a driving section 
according to the twelfth embodiment; 

Fig. 45 is a view schematically showing the arrangement of the caster 
according to the twelfth embodiment; 

Fig. 46 is a side view of a caster according to a thirteenth embodiment; 

Fig. 47 is a perspective view of a piece according to a fourteenth 
embodiment; 

Fig. 48 is a longitudinal sectional view of the piece according to the 
fourteenth embodiment; 

Fig. 49 is a view showing the connecting condition of pieces according to a 
fifteenth embodiment; 



Fig. 50 is a view showing the assembly of the piece according to the 
fifteenth embodiment; 

Fig. 51 is a perspective view of a joint piece according to the fifteenth 
embodiment; 

5 Fig. 52 is a cross -sectional view taken along line 52-52 of Fig. 49; 

Fig. 53 is a cross-sectional view taken along line 53-53 of Fig. 52; 

Fig. 54 is a perspective view showing a variation of the joint piece; 

Fig. 55 is a perspective view showing another variation of the joint piece; 

Fig. 56 is a view showing the connecting condition of pieces according to a 
10 sixteenth embodiment; 

Fig. 57 is a cross-sectional view taken along line 57-57 of Fig. 56; and 

Fig. 58 is a cross-sectional view taken along line 58-58 of Fig. 57. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The above and other objects, features and advantages of the present 
15 invention will become more apparent from the following description when taken in 
conjunction with the accompanying drawings 

A first embodiment of a caster of the present invention will now be 
described with reference to Figs. 1 through 9. Fig. 1 is a side view of a caster, Fig. 2 
is a view showing the caster climbing over a gap, and Fig. 3 is a cross-sectional view 
20 taken along line 3-3 of Fig. 2. Fig. 4 is a view showing a wrap-around member, Fig. 5 
is an enlarged view showing one of pieces forming the wrap-around member, Fig. 6 
is a cross-sectional view taken along line 6-6 of Fig. 5, Fig. 7 is a view showing the 
assembly of the wrap-around member, Fig. 8 is a view showing part of the 
wraparound member in the bent condition, and Fig. 9 is a view showing part of the 
25 wrap-around member in the straight condition. 

Referring first to Figs. 1 and 2, a caster 1 comprises a mounting leg 2, a 
first wheel 3 of a small diameter supported by the mounting leg 2, second wheels 4 
of a large diameter supported by the mounting leg 2, and a wrap-around member 
wrapped around the first and second wheels 3 and 4. 
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The first wheel 3 is rotatably supported by an axle 6 on the mounting leg 2 
and the second wheels 4 are rotatably supported by an axle 8 on one end of a 
suspension arm 7 of which the other end is coaxially supported by the axle 6 on the 
mounting leg 2 together with the first wheel 3. 
5 The suspension arm 7 is a cantilevered member extending from the 

mounting leg 2 in a substantially horizontal position. Provided between the vicinity 
of the axle 6 of the suspension arm 7 and the mounting leg 2 is a suspension spring 
9 which is adapted to absorb the vertical movement of the second wheels 4 due to 
the unevenness of the road surface. The suspension arm 7 can be a coil spring or 
10 various known springs made of metal, rubber or the like. 

The first wheel 3 and the second wheels 4 are respectively made of suitable 
material such as metal or plastic and are provided to overlap in a side view as 
shown in the figures to make the caster 1 compact. 

The caster 1 excels in performance when climbing over a gap 10 such as 
15 unevenness or stairs and can easily climb over even the gap 10 of which the height 
H is larger than the radius of the second wheels 4. This will be described later. 

The mounting leg 2 is attached to a member 13 to be attached to a device 
such as a wheelchair by an upward projecting screw 12 through a joint 11. The 
screw 12 and the mounting leg 2 are provided to rotate around the axis line of the 
20 screw 12 by the joint 11. In other words, the caster 1 is freely rotatable type with the 
suspension. 

Reference numerals 14a and 14b indicate an adjuster nut and an adjuster 
bolt and serve as part of a known tension adjustment mechanism 15 for optimizing 
the tension of the wraparound member 5 by adjusting the position of the axle 8 (see 
25 Fig. 2). 

As shown in fig. 3, the mounting leg 2 is formed with a substantially 
inverted U-shaped cross-section and the axle 6 is provided to bridge the vertical 
sections of the U. Each end of the axle 6 is fixed by a cap section 6a and a fixing 
means 6b such as a nut so that it does not drop out. The fixing means 6b can be a 
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split pin or the like. 

The first wheel 3 is rotatably supported on the center of the axle 6 in the 
longitudinal direction through a bearing 16 and positioned by the right and left 
washers 17 and 17 and the right and left collars 18 and 18 mounted on the outside 
5 of the axle 6. 

The bearing 16 can be selected from various types of bearings such as a ball 
bearing, a needle bearing and a metal bearing. However, a collar can be used for the 
bearing depending on the circumstances. In this case, the first wheel 3 is positioned 
on the collar using an E-shaped clip. 

10 Rotatably supported on each end of the axle 6 through collars 19 and 19 is 

one end of the suspension arm 7 of a substantially U-shape of which the right and 
left sides are integrally formed. The collars 19 and 19 are provided to engage the 
outer periphery of the axle 6 between the mounting leg 2 and the collar 18 and the 
suspension arm 7 is positioned on the axle 6 in the axial direction by a flange 

15 section of the collar 18 and the E-shaped clip. 

The second wheels 4 are provided as a pair to sandwich the first wheel 3 
and have a dual wheel structure which can withstand a large load. The supporting 
structure of the right and left second wheels 4 and 4 is the same as that of the first 
wheel 3 and both wheels 4 and 4 are rotatably supported on an axle 8 through 

20 bearings 21 and 21. The bearings 21 and 21 are positioned by a central collar 22, 
right and left washers 23 and 23, and right and left collars 24 and 24 and the axial 
direction of the bearings 21 and 21 is positioned and fixed between a cap section 8a 
of the axle 8 on one side and a fixing means 8b such as a nut on the other side. 

The wrap-around member 5 consists of many independent pieces 25 which 

25 can be connected continuously in the circumferential direction and is formed of a 
ring or belt in its entirety. "Independent pieces 25" means that each piece 25 is in 
such a condition as to be capable of making a movement different from the adjacent 
piece on the outer and inner peripheral sides of the wrap-around member 5. In this 
case, each piece 25 can be an independent piece or part of an integral body. 
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The piece 25 is provided with a tire section 26 adapted to serve as a ground 
contact section and a wheel guide section 27 for supporting the tire section 26. The 
wheel guide section 27 is a comparatively rigid member made of plastic, metal or 
the like. As closely shown in Figs. 5 and 6, the wheel guide section 27 is integrally 
5 formed with a pair of sidewalls 28 for supporting both sides of the tire section 26 
and a connecting section 29 for coupling them together to support the bottom 
surface of the tire section 26. 

The wheel guide section 27 is further provided with a pair of guide walls 30 
and 30 consisting of parts where the sidewalls 28 and 28 extend inward over the 
10 connecting section 29. Formed at certain intervals between these guide walls 30 and 
30 is a pair of ribs 31 and 31 which integrally project from the connecting section 29. 
A guide groove 32a is formed between the pair of ribs 31 and 31 and the outer 
peripheral section of the first wheel 3 is fitted into this groove 32a. 

Further, formed between the guide walls 30 facing each rib 31 is a guide 
15 groove 32b into which the outer peripheral section of the second wheel 4 is fitted. 
The guide groove 32b is formed in pairs on both sides of the guide groove 32a and 
corresponds to the right and left second wheels 4 and 4. These guide grooves 
mutually position the first and second wheels and the wraparound member 5. 

A connecting hole 33 penetrating the wheel guide section 27 in the 
20 circumferential direction of the mounting leg 2 within the thickness of the 
connecting section 29 continuing perpendicular to the direction of the axis of 
rotation of the wheel is provided. A connecting member 34 made of a resinous cord 
such as Nylon and Kevlar or a metal wire such as a piano wire is inserted into the 
connecting hole 33. The number of connecting holes 33 is arbitrary. The connecting 
25 holes are formed on both ends in the figure, but the number of holes can be 
selectively set, wherein even one, three or four holes are acceptable in accordance 
with the intended use. 

As shown in Figs. 4 through 8, the wrap-around member 5 according to the 
present embodiment consists of many independent pieces 25 which are continuous 
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in the circumferential direction and are connected by the connecting member 34. 
The wrap-around member 5 is formed of a ring or a belt continuous in the 
circumferential direction. As shown in Fig. 4, the wrap-around member 5 is 
provided to bend along the outer periphery of the first and second wheels 3 and 4. In 
5 other words, the wrap-around member 5 can bend inward, but it becomes straight 
on the common tangents CI and C2. As described later, the part of the wrap-around 
member 5 in the straight condition becomes an outward inflexible area A (see Fig. 4) 
where the inward depression D as shown by an imaginary (virtual) line is 
prevented. 

10 The connecting member 34 is not limited to the linear member as stated 

above, but can be selected from the various shapes. For example, as shown by an 
imaginary line in Figs. 6 and 7, it can be a sheet belt 34a in which a cloth such as 
Kevlar or a belt-shaped member made of adequate metal is formed in a ring shape. 
If this sheet belt 34a is put on the connecting section 29 and coupled together by 

15 adhesive bonding etc., then the tire section 26 is fitted between the connecting 
section 29 and the side walls 28 for integration, each piece 25 can be connected in 
the ring shape by the sheet belt 34a. In this case, since the connecting hole 33 can 
be omitted, it is possible to make the connection of each piece 25 simple and fast. 

As shown in Figs. 5, 8 and 9, the guide wall 30 of the wheel guide section 27 

20 is provided in such a manner that both ends in the circumferential direction are 
inclined toward the inner peripheral side to approach each other, thereby forming 
an inclined surface section 35. The guide wall 30 is therefore provided on the inward 
tip side with a tapered narrow section relative to the sidewall 28. On the other hand, 
the sidewall 28 of the guide wall 30 on the outer peripheral side has a wide section 

25 having the same width as the maximum width of the guide wall 30. Further, the 
inclined surface sections 35 and 35 between the adjacent pieces 25 and 25 form a 
substantially inverted V-shaped groove to permit the inward bending of the wrap- 
around member 5. Each rib 31 also has the same shape as the guide wall 30. 

Each end of the sidewall 28 in the circumferential direction is provided 
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with a contacting section 36 of a linear shape running parallel to each other. As 
shown in Fig. 9, when the wrap-around member 5 is in a straight condition, this 
section is provided in such a manner that the facing contacting sections 36 and 36 of 
the adjacent wheel guide sections 27 and 27 contact each other to close a gap to 
5 prevent the wraparound member 5 from further bending outwards to warp. In this 
manner, this contacting section 36 serves as a warp preventing contacting section 
and thus, the contacting sections 36 and 36 of the wheel guide section 27 on the 
right and left sides function in the same manner. 

The tire section 26 of a block shape made of comparatively soft material 

10 such as rubber is fitted between the right and left sidewalls 28 and 28 and the right 
and left sides and the bottom surface are integrated by adhesive bonding etc. The 
side surfaces 37 of the tire section 26 in the front and rear direction (the 
circumferential direction of the wraparound member 5 is hereinafter referred to as 
"the front and rear direction") are flat surfaces parallel to each other and serve as 

15 the warp preventing contacting section in the same manner as the right and left 
contacting sections 36 of the wheel guide section 27. The outer peripheral section 38 
of the tire section 26 is chamfered on the right and left sides of the outer peripheral 
section and serves as a section for contacting the ground as the tire section for the 
caster 1. 

20 As shown in Fig. 7, the piece 25 is made in such a manner that the wheel 

guide section 27 and the tire section 26 are respectively made in advance as 
separate bodies and the tire section 26 is fitted between the sidewalls 28 of which 
the right and left sides are facing and then secured on the inner surfaces of the 
sidewalls 28 and the cross section 29 by adhesive bonding etc. In this case, the side 

25 surfaces 37 of the tire section 26 in the front and rear direction are flush with the 
contacting sections 36 of the sidewalls 28 as shown in the side surface of the 
installation condition (see Fig. 7). 

As shown in Fig. 8, in the case where the wrap-around member 5 bends on 
the inner peripheral side, the adjacent pieces 25 can freely bend without causing 
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interference with each other because the side surface of the guide wall 30 is 
provided with the inclined surface section 35. Reference numerals 39a and 39b in 
the figure are sweep holes for eliminating dirt or dust clogged between the adjacent 
pieces 25. As shown by the reference numeral 39a, one hole can be formed between 
5 the adjacent guide walls 30 and 30 or an independent hole like 39b can be formed 
for each guide wall 30. 

Fig. 9 shows a line of the piece 25 on the common tangent section and each 
piece 25 is horizontally arranged in a substantially straight condition on the 
common tangents CI and C2 (see Fig. 4). In the strict sense, this line is formed in a 

10 very large radius. If the vertical ends of each piece 25, for example, the inner 
peripheral ends of the guide wall 30 are lined up along this radius, the contacting 
sections 36 and 36 of each side wall 28 in the adjacent pieces 25 and 25 and the side 
surfaces 37 and 37 of each tire section 26 in the front and rear direction contact each 
other to prevent warping. Thus, this makes the inward bending of the wrap-around 

15 member 5 impossible as shown by an imaginary (virtual) line in Figs. 2 and 4, 
thereby preventing the depression or outward bending. 

In other words, the wrap-around member 5 only permits the substantially 
straight line condition in which the tire section 26 forming the outer peripheral 
section of each piece 25 and the sidewall 28 of the wheel guide section 27 as shown 

20 in Fig. 9 contact each other and the condition in which the adjacent tire sections 26 
and 26 and sidewalls 28 and 28 of each piece 25 open to permit the wrap-around 
member 5 to bend on the inner peripheral side in its entirety as shown in Fig. 8, 
thereby making warping, in which one part of the wraparound member 5 is 
depressed inwards and the other part in the front and rear relation bends on the 

25 outer peripheral side, impossible. 

Since a section of the wrap-around member 5 corresponding to the lower 
common tangent section C2 is an area in which the outward bending is prevented 
even in the case of contacting the gap 10, this section is referred to as an outward 
inflexible area A. This outward inflexible area A is formed of the large radius which 
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forms part of an imaginary wheel W. This imaginary wheel W is an imaginary circle 
with an extremely large diameter having a radius common with the large radius 
that is almost a straight line. In the case where the caster 1 passes the gap, this 
imaginary wheel W is regarded as the caster 1 and it is possible to consider this a 
5 condition substantially the same as that the imaginary wheel W climbing over the 
gap 10. 

The operation of this condition will now be described. Fig. 1 is a normal 
condition before passing the gap in which the mounting leg 2 is pushed up by means 
of the suspension spring 9, the axle 6 is provided in a higher position than the axle 8, 

10 and the outward inflexible area A of the wraparound member 5 corresponding to the 
common tangent section contacts the gap 10. An approach angle a which is the 
angle at which this area contacts the gap is also a ground surface angle. 

In this condition, if the caster 1 advances toward the gap 10, the side of the 
axle 8 of the suspension arm 7 swings in the clockwise direction of Fig. 2 because 

15 the outward inflexible area A contacting the gap 10 does not bend outwards. As a 
result, the second wheel 4 leaves the ground against the suspension spring 9 and 
the caster 1 climbs over the gap 10 in this condition. 

In this case, the outward inflexible area A changes position in accordance 
with the swing of the suspension arm 7 and the approach angle j3 is smaller ( a > 

20 /3 ). Accordingly, when the wheel weight w of the outward inflexible area A 
contacting the gap 10 is converted to a horizontal force F and a tangential force f, 
the horizontal force F serving as an impelling force becomes larger as the approach 
angle changes from a to 13 and the common tangent C2 also changes position 
down. In this manner, the caster 1 can climb over the gap 10 with smaller power to 

25 provide a good climbing performance, thereby improving the gap climbing 
performance. 

This means that the caster 1 can lightly climb over the gap which became 
relatively small with less power because the area of the wraparound member 5 
contacting the gap becomes a very large radius, the imaginary wheel W using the R 

17 



as part of the outer diameter becomes extremely large, and the gap is traversed by 
such a huge imaginary wheel W. If the suspension arm 7 swings as shown in Fig. 2, 
the imaginary wheel W assumes in such a condition as to climb over the gap which 
is further lowered and as a result, the climbing performance improves further. 
5 This gap climbing is possible until the height H of the gap 10 reaches the 

higher limit position of the outward inflexible area A. In other words, the caster can 
climb over the gap up to a height close to the axle 6 of the first wheel 3 and shows 
excellent climbing performance compared to a conventional endless belt. Further, in 
the present embodiment, the axle 6 is provided in a higher position than the axle 8 
10 and the first wheel 3 of a smaller diameter is provided to increase the ground 
surface angle a of the common tangent C2 in the normal condition. In this manner, 
it is possible to increase an angle of attack against the gap 10 and make the gap 
climbing easy. 

As described above, many independent pieces 25 are coupled together in 
15 the circumferential direction to form the wrap-around member 5. Each piece 25 is 
provided with an outer peripheral section and an inner peripheral section adapted 
to be moveable independent of the adjacent pieces 25 by the tire section 26 and the 
wheel guide section 27. Provision of the outer peripheral section and the inner 
peripheral section makes inward bending of the wrap-around member 5 possible 
20 and prevents the wrap-around member 5 from warping, thereby preventing 
generation of the partial depression D thereof when climbing over the gap. In this 
manner, since the common tangent section C2 of the wrap-around member 5 can 
maintain the substantially straight condition when climbing the gap, it serves as an 
anti-sticking plate. With this arrangement, the wrap-around member 5 can 
25 smoothly climb over the gap 10 and the gap climbing performance improves. 

Further, since this warp preventing function can be realized by the 
structure of the wrap-around member 5 itself, there is no necessity to provide 
separate presser rollers and presser plates inside the wrap-around member 5. In 
this manner, it is neither necessary to provide these presser members nor to support 
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them. As a result, it is possible to make the structure simple, make the caster 
compact in its entirety to save weight, and reduce the costs. 

Still further, in the area of the wrap-around member 5 close on the common 
tangents CI and C2 of the first and second wheels, the outer peripheral sections of 
5 the adjacent pieces 25 contact each other to exhibit the warp preventing function. 
Accordingly, it is possible to maintain the substantially straight condition as-is in 
the area close on the common tangents CI and C2 where there is normally a 
straight condition. However, since the lower common tangent C2 affects the gap 
climbing performance, the following description will be made only regarding the 
10 common tangent C2. 

Since each piece 25 is independently formed, it is possible to easily 
fabricate the wrap-around member 5 by coupling these pieces 25 together by a 
suitable connecting member 34 in a ring shape. It is also possible to partially 
exchange the pieces 25 and adjust the length of the wrap-around member 5. 
15 Since the piece 25 is provided with the tire section 26 and the wheel guide 

section 27, a good ground contact performance can be secured by the tire section 26 
and the disengagement of the first wheel 3 from second wheel 4 can be prevented by 
the wheel guide section 27 to secure satisfactory transmission of rotation. 

Further, since the tire section 26 is separately formed from the wheel guide 
20 section 27, it is possible to provide a free combination of the tire section 26 with the 
wheel guide section 27 such as the exchange of the tire section 26 in accordance 
with the intended use and thus freely change the performance. 

Since the first and second wheels 3 and 4 are provided to overlap in the side 
view, it is possible to make the caster compact in its entirety. Further, since the first 
25 and second wheels 3 and 4 have different diameters and a plurality of second wheels 
4 of a larger diameter is provided in the direction of the rotational axis, it is possible 
to consolidate the second wheel 4 of the larger diameter which serves as a main 
body for supporting a load. 

Further, since the second wheel 4 is provided with a suspension mechanism, 
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smooth gap mounting can be realized. Since the direction can also be freely changed, 
it is possible to easily pass over the gap even in this respect. Still further, since the 
direction can be freely changed, running becomes easier. 

A second embodiment will now be described hereunder. Figs. 10 and 11 are 
5 side views of a caster of a simplified type without a suspension. In the case of Fig. 10, 
a first wheel 3 is supported by an axle 6 at the intermediate section of a side surface 
2a of a mounting leg 2 with a substantially C-shaped cross-section, while a second 
wheel 4 is supported by an axle 8 at the tip of the mounting leg 2 which extends to 
the lower left. Other structures, the first wheel 3, the second wheel 4 and the 

10 wraparound member 5 are the same as above or can be combined with various 
embodiments described below regarding the wrap-around member 5. 

In this manner, by omitting the suspension, the first and second wheels 3 
and 4 can be rigidly supported by a single mounting leg 2. Thus, it is possible to 
reduce the number of parts and provide a simplified structure. According to this 

15 type, an angle between the line drawn from the axle 6 to the axle 8 and a horizontal 
line is comparatively large and the position of the axle 6 is considerably higher than 
that of the axle 8. Accordingly, the caster of this type is suitable for use in a 
shopping cart for physically unimpaired people which requires comparatively large 
power, but is capable of climbing over a large gap. 

20 Fig. 11 also shows a rigid type caster, but in this case, the mounting leg 2 is 

made of a bent pipe member 2b. The second wheel 4 is supported by the axle 8 on 
the tip of a bent section 2c of the pipe member 2b, while the first wheel 3 is 
supported by the axle 6 on a bracket 2d which projects backwards from the bent 
section 2c. According to this type, it is also possible to provide a further simplified 

25 structure. In addition, the axle 6 is situated close by and substantially at the same 
level as the axle 8 and an angle between the line from the axle 6 and the axle 8 and 
the horizontal line is extremely small. Accordingly, the caster of this type is suitable 
for use in a wheelchair for physically handicapped or aged people which can climb 
over a gap of a certain size with the smallest possible amount of power. 
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In the case of either Figs. 10 or 11, since the ground surface angle of the 
outward inflexible area A is constant, the angle is determined by setting the 
mounting position of the axles 6 and 8 in advance. When the axle 6 is lowered, the 
gap climbing performance improves because the approach angle a becomes small. 
5 If the mounting position of the axle 6 is set by manual adjustment or power assisted 
through a worm gear and the like in the vertical direction and the like of the figure, 
the approach angle can be more freely set. Mechanism for changing direction can be 
freely selected for each type. 

Figs. 12 and 13 show a third embodiment. This and the following 
10 embodiments relate to variations of the wrap-around member 5 in the structure. 
These variations can be selectively combined for the caster 1 of the types in various 
embodiments described above. 

Fig. 12 shows a cross-section of one piece 25 in the circumferential direction 
and Fig. 13 shows its assembling method. A wheel guide section 27 in this 
15 embodiment is integrally formed with a box-shaped securing section 40. The box 
type securing section 40 opens upwards in the figure and the lower half side of the 
tire section 26 is fitted into this opening section 41. 

The side of the tire section 26 in the front and rear direction is formed with 
a step 37a which is lowered into the box-shaped securing section 40 according to the 
20 thickness. When combined, this step 37a is fitted into the box-shaped securing 
section 40 and the lower end of an upper section 37b is combined with the open end 
of the box-shaped securing section 40 so that the upper section 37b is flush with the 
front and rear sides 42 of the box-shaped securing section 40 (see Fig. 12). 

The other structures of the wheel guide section 27 on the side of guide 
25 grooves 32a, 32b and 32b are the same as those of the foregoing embodiments. In 
this manner, the tire section 26 can be positioned only by fitting it into the open 
section 41 of the box-shaped securing section 40. Accordingly, it is possible to 
prevent the tire section 26 from coming loose to maintain the outer diameter of the 
imaginary wheel. Also, since the front and rear sides 42 of the adjacent box-shaped 
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securing sections 40 contact each other, it is further possible to positively maintain 
the outer diameter. It is also possible to make assembling easy. 

Figs. 14 and 15 show a fourth embodiment. Fig. 14 is a cross-sectional view 
of part of the wrap-around member 5 in an outward inflexible area A in the 
5 circumferential direction and Fig. 15 is a cross-sectional view taken along line 15-15 
of Fig. 14. The wheel guide section 27 according to the present embodiment 
corresponds to a structure in which the section above the connecting section 29 of 
the wheel guide section in each of the foregoing embodiments is omitted, wherein 
the lower surface of the tire section 26 of which the thickness in the height direction 
10 is reduced is combined with the upper surface of the connecting section 29, of which 
the thickness in the height direction is increased, by adhesive bonding and the like 
for integration. In this manner, it is possible to provide the most simplified wheel 
guide section 27. 

A fifth embodiment will now be described with reference to Figs. 16 through 
15 18. Fig. 16 is a view corresponding to Fig. 14, Fig. 17 is a cross-sectional view of one 
piece 25 in the circumferential direction, and Fig. 18 is a cross-sectional view taken 
along line 18-18 of Fig. 17. In this example, the piece 15 is made of the same 
material such as hard rubber and metal in its entirety, wherein a wheel guide 
section is integrally formed with a tire section. In this case, the outer peripheral 
20 side of the piece 25 is a tire section 26, the inner peripheral side thereof is a wheel 
guide section 27, and the intermediate section between them corresponds to a 
connecting section. An inclined section 35 and a contacting section 36, a connecting 
structure using a connecting hole 33 and a connecting member 34, and a wheel 
guide structure are the same as above. In this manner, it is possible to provide the 
25 piece 25 with the most simplified structure. 

Figs. 19 through 21 relate to a sixth embodiment. Fig. 19 is a view showing 
a partial side of the outward inflexible area A, Fig. 20 is a cross-sectional view taken 
along line 20-20 of Fig. 19, and Fig. 21 is a cross-sectional view taken along line 21- 
21 of Fig. 19. In this example, each piece 25 is also made of the same material, but 
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provided with, for example, protrusions 43 protruding on the right and left sides. 
These protrusions 43 are superimposed on depressions 45 formed on the rear 
section of the side of the front and rear pieces 25 to allow an eyehole 44 to 
correspond to a through-hole 46 on the side of the depression 45 and coupled by an 
5 axle 47. In this case, an inclined section 35 having an inclined surface provided in 
pairs in the foregoing embodiments is provided only on one side and the other side is 
provided with a substantially vertical notch section 35a which serves as a clearance 
section to avoid interference with the inclined section 35 of the adjacent piece 25 
when bent inward. 

10 In this manner, it is possible to assemble the wraparound member 5 by 

interconnecting the adjacent pieces 25 as seen in the conventional metal chain and 
omit the connection by the ring shaped connecting member 34 such as resin cord 
and metal wire as seen in each of the foregoing embodiments. It is to be noted that 
this connecting method can be applied to each type of the foregoing embodiments in 

15 place of the connecting member 34. 

Figs. 22 and 23 show a seventh embodiment having a similar connecting 
method to the above. Fig. 22 is a view corresponding to Fig. 19 and Fig. 23 is a view 
corresponding to Fig. 21. In this example, a connecting plate 48 is provided to bridge 
the adjacent pieces 25 and is connected by a connecting shaft 49 inserted into a 

20 through-hole 46. The upper end of the inclined section 35 is provided with a step 
35b which is cut into the body section of the piece 25 to provide a wide groove which 
serves as a clearance section between the facing inclined section 35 and 35 to avoid 
interference with the inclined sections 35 of the adjacent pieces 25 when bent 
inwards. In this case, since the piece 25 can be made in a symmetric figure 

25 including the front and rear direction, assembly can be made even though the pieces 
25 are exchanged in the front and rear direction. This example can also be applied 
to each type of the foregoing embodiments. 

Figs. 24 through 32 relate to an eighth embodiment, in which a piece is 
made separately from a tire section and composed of a wheel guide section provided 
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with sidewalls 28 which are coupled with the tire section. The tire section is formed 
of an endless belt. Fig. 24 is a side view showing a wraparound member 5 in its 
entirety, Fig. 25 is view showing part of an outward inflexible area A, and Fig. 26 is 
a view showing an assembling method. In this example, the tire section is formed of 
5 the continuing endless belt 50. The endless belt 50 is made of a suitable material 
such as rubber and each piece 25 is mounted in order on the side of the endless belt 
in the longitudinal direction. 

Each piece 25 is formed independently and for example, the structure 
similar to the wheel guide section 27 in the first embodiment can be used. As shown 

10 in Fig. 26, the sides 51 of the endless belt 50 in the width direction and the bottom 
surface 52 are inserted between the sidewalls 28 and secured to the inner surface of 
the sidewalls 28 and the upper surface of a cross section 29 by means of adhesive 
bonding or the like. In this case, the piece 25 is composed only of the wheel guide 
section 27 which is made separate from the endless belt 50 and the outer peripheral 

15 section having a warp preventing function consists of the cross section 29 and the 
sidewalls 28 of the wheel guide section 27. 

The inner peripheral section of the piece 25 consists of guide walls 30 and 
ribs 31 of the wheel guide section 27. To facilitate bending of the outer peripheral 
section during inward bending, for example, the endless belt 50 can be formed of a 

20 laminated structure in which the material becomes softer on the outer peripheral 
side to make the elongation of the outer peripheral side easy. It is also possible to 
provide a slit on the outer peripheral side. 

Further, as shown in Fig. 27, the wheel guide section 27 with a box-shaped 
securing section 40 in the third embodiment can also be used as the piece 25. The 

25 bottom surface side of the endless belt 50 is shown in Fig. 28. In this case, a bottom 
surface 52 is integrally formed at regular intervals in the longitudinal direction 
with a protrusion 53 adapted to closely fit into an opening section 41. The 
protrusion 53 is fitted into the opening section 41 for integration. The structure of 
the piece 25 in this case is the same as in Figs. 25 and 26 and the outer peripheral 
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section having the warp preventing function corresponds to the box-shaped securing 
section 40 of the wheel guide section 27, wherein the front and rear sides 24 of the 
box-shaped securing section 40 contact the front and rear sides 42 of the adjacent 
box-shaped securing section 40 in their entirety. 

This arrangement makes positioning of the wheel guide section 27 easy. 
Since assembly can be realized only by mounting the wheel guide section 27 on the 
common endless belt 50, assembly and production become easy. According to this 
example, in the outward inflexible area A, only the contacting sections 36 (Fig. 26) 
or the front and rear sides 42 (Fig. 27) of the adjacent wheel guide section 27 come 
into contact, but even these sections can fully prevent the outward bending of the 
wraparound member 5. As described in Figs. 12 and 13, the warp preventing 
function can be positively exhibited if the wheel guide section 27 is provided with 
the box-shaped securing section 40. 

Figs. 29 through 32 show that mounting of the wheel guide section 27 on 
the endless belt 50 is done by engagement. Referring to Figs. 29 and 30, the side 
surface 51 of the endless belt 50 in the width direction is formed with an engaging 
groove 54 which continues in the longitudinal direction, while the end of the 
sidewall 28 of the wheel guide section 27 is formed with a claw 55 which projects 
inwards. Thus, the claw 55 engages the engaging groove 54 for integration. Fig. 29 
shows an assembling method and Fig. 30 shows a cross-section of the engaging 
condition. 

Figs. 31 and 32 show that the inner surface of sidewall 28 of the wheel 
guide section 27 is formed with an engaging protrusion 56 in place of the claw 55. 
Fig. 31 is a view corresponding to Fig. 29 and Fig. 32 is a view corresponding to Fig. 
30. With this arrangement, it is possible to mount the wheel guide section 27 on the 
endless belt 50 through a one-touch operation. 

In place of the engaging groove 54 which is an object to be engaged by the 
claw 55 and the engaging protrusion 56, an engaging hole can be provided on the 
side 51 of the endless belt 50 in the width direction at even intervals in the 
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longitudinal direction. Such an engaging structure can also be applied to assembly 
of the tire section 26 with the wheel guide section 27 in the case where the piece 25 
is independently provided. 

Figs. 33 through 35 relate to a ninth embodiment in which a wraparound 
5 member 5 is formed of a continuing endless belt 60 in its entirety and each piece 25 
is integrally formed in one stretch. In this example, the outer peripheral section of 
the endless belt 60 serves as a tire section 61 and the inner peripheral section 
thereof serves as a wheel guide section 62. The wheel guide section 62 having 
wave-form irregularities in the side view is integrally formed with a guide groove 63 

10 and a guide wall 64 in the width direction. Further, the side surface of the guide 
wall 64 of the wheel guide section 62 in the front and rear direction is provided with 
an inclined section 65. A substantially triangular section in the side view is formed 
between the inclined sections 65 facing side-by-side, wherein each wheel guide 
section 62 is partitioned by the section 66. 

15 Further, the tire section 61 on the outer peripheral side is provided with a 

slit 68 in the vertical direction toward a connecting section 67 on the intermediate 
side. The slit 68 is formed at even intervals in the longitudinal direction of the outer 
peripheral section of the wrap-around member 5. A section sandwiched by the 
adjacent slit 68 and section 66 forms one piece 25 and each piece 25 is integrally and 

20 continuously formed with the others by the connecting section 67. The width of the 
slit 68 is small and the sides facing on both ends of the slits 68 of each piece 25 
contact the next to exhibit the warp preventing function. In this manner, the 
outward bending as shown in Fig. 34 is not permitted and the inward bending of the 
wrap-around member 5 as shown in Fig. 35 is permitted. 

25 In this manner, the wraparound member 5 can be formed in its entirety by 

a single member having many continuous pieces 25 and the outer peripheral section 
of the piece 25 is formed between the slits by the slits cut in from the outer 
peripheral side, and this section can permit the warp prevention and inward 
bending of the wraparound member 5. Formed between the section 66 wider than 
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the slit 68 on the outer peripheral side is the inner peripheral section of the piece 25 
formed on the inner peripheral side which can permit the inward bending of the 
wraparound member 5. In this manner, it is possible to reduce the number of parts 
forming the wraparound member 5, provide the simplest structure, and make the 
production easy. 

A tenth embodiment will now be described with reference to Figs. 36 
through 38. In this embodiment, a wheel guide section 70 is formed of a continuous 
belt and is provided with a guide wall 71 and an inclined section 72 at even 
intervals in the longitudinal direction. Formed between the inclined sections 72 
facing side-by-side is a groove 72a which is substantially triangular in the side view. 
Each wheel guide section 70 is divided by this groove 72a. A guide groove 73 and a 
rib 74 are integrally formed between the right and left guide walls 71 of the wheel 
guide section 70 in the width direction. 

An upward projecting mounting block 76 is integrally formed on a 
connecting section 75 of the wheel guide section 70 at even intervals in the 
longitudinal direction. A tire block 77 is provided to cover the mounting block 76. 
The tire block 77 is provided with a downward opening space 78 formed on the thick 
section. The mounting block 76 is fitted into and integrated with the downward 
opening space by means of adhesive bonding and the like. 

The front and rear sides 79 of each tire block 77 are warp preventing 
sections which contact each other at the outward inflexible area A. With this 
arrangement, since the wheel guide section 70 can be formed with an endless belt 
shape, the wraparound member 5 can be assembled only by mounting each tire 
block 77 on the common wheel guide section 70. Thus, assembly and production of 
the wraparound member 5 become simple. 

However, by reversing the fitting relationship of the tire block 77 to the 
wheel guide section 70, a box-shaped structure similar to the securing section 40 
shown in Figs 12 and 13 can be integrally formed on the side of the wheel guide 
section 70 and the end of the tire block 77 on the inner peripheral side can be fitted 
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into the box-shaped structure. In this case, the front and rear sides of the box- 
shaped structure become the contacting sections to exhibit the warp preventing 
function. 

An eleventh embodiment will be described with reference to Figs. 39 
5 through 42. This embodiment shows variations of the third embodiment (see Figs 
12 and 13). Fig. 39 is a plan view of a securing section, Fig. 40 is a front view, Fig. 41 
is a left side view, and Fig. 42 is a right side view. 

In these figures, a plurality of first protrusions 43a is provided, each 
protrusion 43a projecting from one surface of a connecting section 29 at certain 

10 intervals and coaxially provided with through-holes 44a (see Fig. 42). Second 
protrusions 43b integrally projecting from the other surface of the connecting 
section 29 on the opposite side are fitted between the adjacent first protrusions 43a 
and coaxially provided with through-holes 44b (see Fig. 41). 

In the adjacent pieces 25, if the first protrusions 43a and the second 

15 protrusions 43b are alternately fitted between one another and the through-holes 
44a and 44b are caused to correspond to be coupled together by connecting shafts 47, 
the first and second protrusions can be coupled together. Even in this example, only 
one connecting shaft 47 is necessary for one piece 25. Further, formed on the upper 
surface of the securing section 40 at certain intervals is a plurality of openings 41 

20 into which a mounting leg 37a for a tire section 26 is fitted. 

Figs. 43 through 45 show a twelfth embodiment. The present and 
subsequent embodiments are different from a caster of a dual wheel type in which a 
plurality of first wheels is arranged in the axial direction to sandwich the second 
wheel therebetween and relate to a caster of a single wheel type in which a single 

25 wheel is arranged in the axial direction. Accordingly, description will be made using 
different reference numerals. In the present embodiment, a caster 100 having the 
same wraparound member as in the first embodiment is provided, in which a first 
wheel 103 is reduced in size to make the caster compact in its entirety. Fig. 43 is a 
general view, Fig. 44 is a view showing only a driving section, and Fig. 45 is a view 
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schematically showing the arrangement of each wheel. 

In this example, a plurality of minimized first wheels 103 is arranged in the 
vicinity of the outer periphery of a second wheel 104 and supported by an axle 106 
on a mounting leg 102. Each first wheel 103 is provided to be moveable within a 
5 long hole 110 formed on the side of the mounting leg 102 and the position thereof is 
simultaneously adjustable by a tension control member 111. The first wheel 103 has 
a diameter of 1/5 or less, preferably of about 1/10 compared to that of the second 
wheel 104. 

As shown in Fig. 45, the width of the first wheel 103 in the thickness 

10 direction is almost the same as that of the second wheel 104 and each wheel is 
collinearly disposed forward and back when viewed from the width direction. The 
number of the first wheels 103 is arbitrary and set to withstand the load required 
for the intended use. With this arrangement, it is possible to make the width 
direction narrower because it is not necessary to provide a plurality of first wheels 

15 103 at certain intervals in the axial direction of the second wheel 104 to sandwich 
the second wheel 104 therebetween as shown in the example of Fig. 3. 

By making the first wheel 103 a minimum size, it is possible to provide the 
first wheel 103 in the vicinity of the outer periphery of the second wheel 104, 
thereby reducing the center distance between the first wheel 103 an the second 

20 wheel 104. Accordingly, even though the first wheel 103 and the second wheel 104 
are collinearly disposed, the caster 1 can be made compact in its entirety. 

Further, by making the first wheel 103 a minimum size, it is possible to 
improve the gap climbing performance because the approach angle a can be made 
larger. It is also possible to make the change of direction easy because a ground 

25 contact section is one place as the characteristics of the caster and the ground 
contact width of the ground contact section can be made narrower because of the 
above reason. 

Reference numeral 108 is an axle for supporting the second wheel 104. A 
wraparound member 105 is wrapped around the first wheel 103 and the second 
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wheel 104. The wraparound member 105 is almost the same as in the foregoing 
examples, but the number of wheel guide grooves formed on each piece is limited to 
one, as described later. 

Fig. 46 shows a thirteenth embodiment. This embodiment is a variation of 
5 the previous embodiment (see Figs. 43-45) in which a spring suspension structure is 
adopted. More specifically, one end of a suspension arm 107 is swingably supported 
by an axle 107a on a mounting arm 102 and the other end thereof is connected to a 
second wheel 104 by a suspension spring 109. 

The position of the axle 108 for supporting the second wheel 104 is 
10 adjustable by an adjustment mechanism 123 provided at the end of the suspension 
arm 107. Tension of a wraparound member 105 can be adjusted by this adjustment 
mechanism 123. In this manner, impact from the other side can be absorbed by the 
suspension. 

Figs. 47 and 48 show a fourteenth embodiment. This embodiment is a 
15 variation of the sixth embodiment (see Figs. 19-21). Fig. 47 is a perspective view of a 
piece 125 and Fig. 48 is a cross-sectional view thereof. In these figures, the piece 125 
is provided in such a manner that a tire section 126 and a wheel guide section 127 
are disposed above and below a connecting section 129 in the same manner as 
above. 

20 Guide walls 130 of the wheel guide section 127 are made symmetric in the 

front and rear direction (i.e., the right and left of the figure) and the intermediate 
section of the wheel guide section 127 in the width direction is a single wheel guide 
groove 131 formed of a cut out depression sandwiched between the right and left 
guide walls 130. This wheel guide groove 131 is provided for the piece 125 used in 

25 the examples shown in Figs. 47 and 48, wherein only one guide groove 131 is formed 
because only one first wheel 103 is used in the width direction (i.e., the direction of 
the axis of rotation). This applies to each of the following examples. 

A protrusion 143 projecting from one side of the connecting section 129 is 
formed to have the same width as the wheel guide groove 131 and adapted to fit 
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between the guide walls 130 of the adjacent piece 125. The protrusion 143 is formed 
with a protrusion through-hole 144. The wheel guide section 127 is provided with a 
depression 145 for receiving a protrusion 143 of the adjacent piece 125 which enters 
from the opposite side of the protrusion 143 of the connecting section 129. The 
5 depression 145 opens toward the wheel guide groove 131. The intermediate section 
of the connecting section 129 in the front and rear direction is also formed with a 
piece through-hole 146 passing through the depression 145 in the width direction. 

The protrusion 143 of one piece 125 is fitted into the wheel guide groove 131 
of the adjacent piece 125 and then inserted within the depression 145. Since the 

10 protrusion through-hole 144 corresponds to the piece through-hole 146 of the 
adjacent piece 125, a connecting shaft 149 is inserted there for coupling. In this 
manner, the piece 125 can be connected with a single connecting shaft 149. Further, 
a guide inclined surface 135 of the guide wall 130 can be symmetrically provided 
back and forth (i.e., the rotational direction of the wrap-around member is referred 

15 to as "front"). 

A fifteenth embodiment is shown in Figs. 49 through 53. In this 
embodiment, the adjacent pieces 125 are connected using a joint piece 181 which is 
a separate body from the piece 125. Fig. 49 is a view showing the connecting 
condition of the piece 125, Fig. 50 is a perspective view showing a connecting 

20 method, and Fig. 51 is a perspective view of the joint piece 181. Fig. 52 is a cross- 
sectional view taken along line 52-52 of Fig. 49 and Fig. 53 is a cross-sectional view 
taken along line 53-53 of Fig. 52. 

In these figures, the wheel guide section 127 of the piece 125 is formed of a 
substantially double housing provided with a wheel guide groove 131 of a cut out 

25 depression formed between a pair of guide walls 130. The joint piece 181 is fitted 
within the wheel guide groove 131 and a first pipe section 182 of the joint piece 181 
is fitted into a second pipe section 183 of the adjacent joint piece 181, wherein the 
piece 125, and the adjacent joint pieces 181 and 181 are coupled together by means 
of a connecting shaft 149 inserted from the piece through-hole 146 formed on the 
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cross section 129. The end of the connecting shaft 149 is secured by a suitable 
means such as a screw 180. Caulking, circlip or the like are also available as a 
simple securing method. 

The joint piece 181 can be easily formed from a metal plate by press 
5 molding as shown in Fig. 51. The central section of one end of a plate section 184 is 
rolled in a pipe shape to form a first pipe section 182, while on the other side, a pair 
of second pipe sections 183 is formed at a certain gap 185 on each end of the plate 
section 184 in the width direction to sandwich the first pipe section 182 
therebetween. Formed between the pair of second pipe sections 183 of the plate 

10 section 184 is a notch 186 for communicating with the gap 185 which rotatably 
support the first pipe section 182 of the other joint piece 181 fitted. 

Fig. 54 shows a variation of the joint piece 181 in which the first pipe 
section 182 and the second pipe section 183 are integrally formed from metal or 
resin material. With this formation, the joint piece can be made simpler. 

15 Fig. 55 shows another variation of the joint piece 181 in which many first 

and second pipe sections 182 and 183 are formed and first comb-shaped and then 
formed from resin or metal. In this manner, since the fitting sections are increased, 
stable coupling can be maintained even for a large load. 

A sixteenth embodiment is shown in Figs. 56 through 58. This is a variation 

20 of the seventh embodiment (see Figs. 22 and 23). Fig. 56 is a view showing the 
coupling condition and Fig. 57 is a cross-sectional view taken along line 57-57 of Fig. 
56. Fig. 58 is a cross-sectional view taken along line 58-58 of Fig. 57. 

In this example, connecting the piece 125 using a connecting plate 148 is 
the same as above. However, a connecting hole 187 of one connecting plate 148 and 

25 a connecting hole 188 of the other connecting plate 148, of the adjacent connecting 
plates 148 in the front and rear direction, of a pair of connecting holes 187 and 188 
formed on the connecting plate 148, are superposed, then superposed on a single 
through-hole 146 formed on the center of the piece 125 in the front and rear 
direction, wherein the pair of adjacent connecting plates 148 and 148 in the front 
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and rear direction and the piece 125 are connected by a single connecting shaft 149. 
In this manner, one each of through-hole 146 and connecting shaft 149 need only to 
be provided for one piece 125. 

It will be understood that the present invention is not limited to the 
5 embodiments described above, but may be varied in many ways. For example, if the 
contacting section 36 in Fig.8 etc. is provided not only to make the front and rear 
side thereof parallel, but also make it slightly open to the outer circumferential 
direction, it is possible to control warping from the obtuse condition slightly before 
straightening. On the contrary, if the contacting section 36 is made to slightly taper, 

10 it is possible to prevent further warping in the slightly warped condition. In other 
words, the warp prevention in the present invention does not always mean making 
part of the wraparound member 5 a straight condition parallel to the common 
tangent C2, but it is possible to freely adjust the extent of warping to be controlled 
within some permissible range. 

15 It is desirable that such a permissible range of warping be less than 5% of 

the length of the outward inflexible area A in which the amount of depression of the 
wrap-around member 5 can be regarded as the length of the common tangent 
section C2. This is a range of permissible bending of the wrap-around member 5 
during climbing the gap. If such a range is set, it is possible to scarcely produce an 

20 effect of depression in gap climbing. If the range is larger than 5%, the climbing 
performance drastically deteriorates. The preferred permissible range is less than 
3% and if such a range is set, it is possible to maintain part of the wrap-around 
member 5 contacting the gap in a substantially straight condition including the 
tolerance. 

25 Further, the length of the outward inflexible area A varies with the center 

distance between the two axles 6 and 8, but if the center distance is set slightly 
larger than the radius of the second wheel 4 adding the radius of the axle 6, the axle 
6 is assumed to be in non-contact with the second wheel 4 and to approach the axle 
8 wherever possible. In this manner, since the length of the outward inflexible area 
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A becomes shortest, it is possible to reduce a change of diameter due to bending of 
the imaginary wheel W to as small as possible. 

The present invention can also be applied for various purposes. It can be 
used for almost all casters known in the market, for example, the front wheels of a 
wheelchair, furniture such as a table, a wheeled stretcher, a shopping cart, and 
wheels such as a light car including a handcart. Further, as shown by an imaginary 
(virtual) line in Fig. 1, if a motor M is provided within the side surface of the second 
wheel, it is also possible to provide a self-propelled device of a wheel motor type. 
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